Monoclonal antibodies (MAbs) of two different specificities were produced by immunizing mice with the semipurified M antigen of histoplasmin. One type, from clone CB4, was an immunoglobulin M that precipitated a polysaccharide present in histoplasmin and also formed immunoprecipitates with a crossreactive polysaccharide present in extracts of Blastomyces dermatitidis and Coccidioides immitis. The second type of MAb, from clone EC2, was an immunoglobulin G that reacted in the enzyme-linked immunoelectrotransfer blot (EITB) assay with a doublet of proteins with an apparent molecular size of 70 to 75 kilodaltons. This molecule is proposed as the authentic M protein antigen that is recognized by M antibodies in sera from mice and rabbits immunized with Histoplasma capsulatum and from persons with histoplasmosis. The M factor also occurs in an abundant disulfide-bridged dimer which has a molecular size of 150 kilodaltons and is nonimmunoreactive under the conditions of sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Histoplasmin is the filtrate of 3-to 6-month-old mycelialform cultures of Histoplasma capsulatum grown on synthetic medium (9, 12) . This definition applies when the antigens are used for skin tests or for in vitro correlates of T-cell-mediated immunity. Six antigenic factors were identified by Ouchterlony immunodiffusion (ID) in histoplasmin (7) , and the original nomenclature persists to the present. Key factors among these antigens are the H antigen, against which antibodies are formed in active histoplasmosis, and the M antigen, so named because it is abundant in typical mycelial-form histoplasmin. Antibodies against the M factor are expressed in acute and chronic histoplasmosis. When used in skin tests with histoplasmin, the M antigen may stimulate antibodies in previously sensitized persons. Both factors are recognized, species-specific protein antigens (8) . The H and M antigens are considered pluripotent, eliciting humoral and T-cell-mediated immune responses, but until they are purified their precise contribution to the antigenic mosaic cannot be determined. The biological functions of purified H and M proteins have not been determined, but Biguet et al. (2) detected catalase activity in immunoprecipitin arcs containing M antigen.
Two of the histoplasmin factors were heat stable, and one of these, designated the carbohydrate (C) antigen, crossreacted with sera from blastomycosis and coccidioidomycosis patients. The presence of this cross-reactive C antigen complicated the production of monoclonal antibodies (MAbs) against the M factor. Conventional gel permeation and anion-exchange chromatography have been used to achieve partial purification of the H and M factors, but Pine et al. (10) detected a polysaccharide antigen even in their chromatographically purified M antigen. Although the H and M proteins direct antigenic specificity, the polysaccharide cannot be overlooked as a molecule involved in histoplasmosis. Wheat et al. (14) have found antigens with polysaccharidelike properties that circulate in cases of acute histoplasmosis.
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Attempts to isolate the antigens of histoplasmin have been concerned more with serological activity than with their physicochemical properties. Thus, molecular-weight determinations of the M antigen have not been'reported with data obtained by polyacrylamide gel electrophoresis (PAGE) . No information about the molecular organization of periodatetreated M (PM) antigen is available, because it has only recently been used in studies of the humoral immune response in histoplasmosis (4) .
We decided to attempt to produce MAbs against the M antigen because it is a major, if not the most important, protein antigen that is expressed during the acute stage of infection (9) . We chose MAbs as an alternative method of purification because of the difficulty in purifying the M factor to homogeneity by methods based on size and charge. In the process of producing these MAbs, the M antigen was characterized with respect to its size, charge, and number of reactive components.
MATERIALS AND METHODS
Antigens. H and M antigens purified from histoplasmin by the method of Pine et al. (10) (16) , and hybridoma culture supernatants were screened by indirect EIA. Active hybridomas were propagated as ascites tumors in BALB/c mice preconditioned by i.p. injection of 0.5 ml of pristane (2,6,10,14-tetramethylpentadecane).
(ii) Second fusion. Ten female BALB/c mice were immunized i.p. with PM antigen (50 p,g of protein) in 0. The mouse whose serum had the highest reciprocal titer in indirect EIA (8,000) and showed an anti-M precipitate in ID was selected for the fusion. The screening protocol was modified to enhance selection specificity. First, the candidate supernatants were screened by IgG-specific indirect EIA against the M and PM antigens. Those supernatants that reacted positively, giving a net A490 of >0.2 (with each antigen), were screened in the enzyme-linked immunoelectrotransfer blot assay (EITB; see below). Supernatants that were selected recognized a doublet of proteins hypothesized to be the M protein antigen. Ten hybridomas satisfying the screening criteria were propagated as ascites-forming tumors in mice.
Preparation of immunoprecipitin arcs for SDS-PAGE. Immunoprecipitin arcs formed by the purified M antigen and rabbit anti-M serum in immunoelectrophoresis were cut from the agarose, suspended in 0.025 M glycine for 1.5 h at 4°C, and centrifuged (800 x g, 15 min). The glycine extraction was repeated on 3 consecutive days. The arcs were then suspended in 2.5% sodium dodecyl sulfate (SDS) with 1.8 M urea, homogenized, and centrifuged at 8,000 x g for 10 min. The supematant was treated with a final concentration of 0.1 M dithiothreitol (DTT) and heated at 100°C for 10 min.
Isoelectric focusing and SDS-PAGE. Isoelectric focusing was carried out in 1-mm-thick polyacrylamide slab gels containing ampholyte peptides (PAG-plate, 4.0 to 6.5 pH range; LKB Sverige AB, Bromma, Sweden) (15) . Electrophoresis was carried out at initial settings of 1,500 V, 15 W (constant power), and 25 mA until the amperage dropped to 10 mA. Glycine-buffered antigen samples containing 5 to 10 pug of protein were then applied to the gel, and electrophoresis was continued for 90 min.
Gradient SDS-PAGE was performed by the method of Tsang et al. (13) with a 5 to 20% linear-density-gradientresolving gel and a 3% stacking gel. Antigen samples were treated with 1 to 2.5% SDS in 9 M urea buffered with 0.05 M Tris hydrochloride, (pH 8.0) and heated at 65°C for 15 min. Molecular-weight standards (Bio-Rad Laboratories, Inc., Richmond, Calif.) were included in each run. For twodimensional gel electrophoresis, the M antigen was isoelectrically focused as described above. A 1-cm lane was cut from the gel and soaked in 4 ml of equilibration buffer for 3 min. The isofocused gel strip was applied to an SDSpolyacrylamide gel (1.5 mm thick; 5 to 20% gradient density). The SDS-polyacrylamide gel was electrophoresed in the second dimension at 600 V, 20 W, and 20 mA for 3.5 h and then silver stained.
ETAs. The EITB or Western blot method was applied to SDS-polyacrylamide gels (13) . The indirect EIA for IgG or IgM against the M antigen of histoplasmin was performed in 96-well polystyrene microtiter plates (Immulon 2; Dynatech Laboratories, Inc., Alexandria, Va.). Plates were coated with a 1/4,000 dilution of the purified M antigen or a 1/1,000 dilution of the PM antigen in PBS (pH 7.2, 0.2 ml per well). Plates were incubated for 30 min at 23°C and washed four times between each step with PBS plus 0.05% Tween 20 (PBS-T). Sera or ascites fluids diluted in PBS-T were added and incubated. Horseradish peroxidase-labeled goat antimouse or -rabbit IgG or IgM (heavy-chain specific) diluted 1/1,000 in PBS-T was added. The plates were then incubated and washed, and color was developed by adding the chromogenic substrate as previously described (4) . Net absorbance readings of >0.2 were considered positive. Quantitation of antibodies against the M factor of histoplasmin by inhibition-EIA was accomplished by the method of Brock et al. (4) .
Precipitin tests. ID was performed in PBS agar also containing 2% polyethylene glycol 6000. Immunoelectrophoresis was conducted by the method of Grabar and Williams (6) . Tube precipitin tests of the first fusion of MAbs with the purified M antigen were carried out to collect the resultant immunoprecipitate. Each MAb (or a combination thereof) or negative control ascites fluid produced by the SP2/0-Agl4 nonsecretor plasmacytoma line, rabbit anti-M serum, or PBS was combined with the M antigen. The reactants in 1.5-ml centrifuge tubes were incubated at 37°C for 2 h and then overnight in the cold. The precipitates were washed three times by centrifugation and then analyzed for total carbohydrate by the phenol-sulfuric acid method (5).
Other chemical methods. Sodium metaperiodate was added to the purified M antigen to give a final concentration of 0.05 M, and the solution was left at 4°C for 18 h. An equimolar amount of glycerol was added to consume the remaining periodate, followed after 15 min by the addition of equimolar sodium borohydride, and the solution was kept at 4°C for 1 h. The solution was then dialyzed against PBS at 4°C, and the original volume was restored by ultrafiltration over a YM10 membrane (Amicon Corp., Lexington, Mass.). The effect of sulfhydryl reagents was determined by adding DTT to the purified M antigen to give a final concentration of 0.1 M, and then the solution was heated at 100°C for 10 min before SDS-PAGE.
The effect of proteinases on the M antigen was studied. Pronase CB (Calbiochem-Behring, La Jolla, Calif.) was prepared as a 1-mg/ml solution in 0.1 M boric acid-NaOH buffer (pH 8.0) with 1i-' M CaCl2. Proteinase K (Boehringer Mannheim Biochemicals, Indianapolis, Ind.) was prepared as a 1-mg/ml solution of 0.1 M borate buffer (pH 7.8). The substrate consisted of either the M antigen or bovine serum albumin (2 mg/ml in borate buffer with or without CaCl2). Samples (1 ml) of each substrate were prepared diluted 1/4 in boiled controls, in PBS or in either buffered proteinase K or pronase. The samples were digested for 4 h at 37°C and then assayed for activity by ID. (4) . Treatment of the M antigen with periodate did not affect its precipitation with rabbit anti-M serum but eliminated the immunoprecipitation with the MAb CB4. The electrophoretic mobility of the PM antigen was studied by immunoelectrophoresis (data not shown). The mobility of the PM antigen was markedly faster than that of M antigen, but it was clearly precipitated only with rabbit anti-M serum.
RESULTS
Characterization of the M antigen in histoplasmin by PAGE. The MAbs from the first fusion recognized an immunogenic carbohydrate in the partially purified M-antigen preparation. To prevent selection of MAbs with similar specificities in a second fusion, the carbohydrate impurity had to be removed or inactivated. This could be done by absorption of the M antigen with the first-fusion MAbs, but we used periodate oxidation because it is a simple procedure that completely eliminated precipitation of the first-fusion MAbs with the M antigen in ID. Absorption of the M antigen with CB4 did not result in complete elimination of the carbohydrate antigen from the M antigen.
The purified M and PM antigens were analyzed by isoelectric focusing and by SDS-PAGE. The antigens were isoelectrically focused in the pH range of 4.0 to 6.5, and the M antigen contained more than 20 discrete proteins (data not shown). The PM antigen contained more than 10 discrete components in the pH region of 4.6 to 5.3. Both M and PM antigens contained proteins focusing in the pH 4.6 region which might be the M protein.
Isoelectrically focused antigens were electrophoretically transferred to a nitrocellulose filter membrane. The reactions of rabbit anti-M serum or the first-fusion MAb (CB4) with the blot strips were examined by EITB (Fig. 2) . Rabbit anti-M serum reacted with the isoelectrically focused M antigen in a wide zone in the pH 4.0 to 4.6 range and also with a protein band at pH 4.6. This reaction was obscured by a broad unfocused zone of reactivity on the strip, but it was detected on the back of the strip with less interference. The reaction of the carbohydrate-recognizing MAb (CB4) with the M antigen on the blot strip demonstrated that the wide smeared zone was the result of the polysaccharide impurity. Normal rabbit serum did not react with the M antigen on the blot strips. Blot strips containing the PM antigen were also reacted with rabbit anti-M serum, with CB4, and with The SDS-PAGE pattern of both antigens was electrophoretically transferred to nitrocellulose for analysis in the EITB assay. Rabbit anti-M serum and immune mouse serum (from mice immunized with PM antigen) both reacted with a doublet of bands in the 70-to 75-kDa region of the immunoblotted M antigen (Fig. 3) . Only rabbit antiserum also reacted with a broad region in the higher-molecular-weight range of the blot strips. The first-fusion MAb (CB4) reacted only with the broad zone in the high-molecular-weight range. As was seen with the isoelectrically focused M antigen, CB4 reacted with polysaccharide which was dispersed along the gradient. The possibility remained that the reaction of the immune sera with the bands at 150 kDa was masked by the strong reaction with the carbohydrate. But when the immune sera were reacted with blot strips containing the PM antigen, only the 70-to 75-kDa doublet of bands was recognized.
Normal mouse, rabbit, and human sera, as well as C1B4, did not react with any bands in the PM antigen on blot strips. Repeated experiments showed that the doublet of bands in the 70-to 75-kDa region were the only proteins recognized in the M antigen by immune mouse, rabbit, and human sera (culture-proven histoplasmosis, see below). Sera from normal mice, rabbits, and humans (pooled normal sera from CDC office workers) never reacted with this doublet of proteins. Although the bands in the 150-kDa region appeared, from the silver-stained gels, to be the major components of both antigens, they were never recognized by any immune or normal sera or by the first-or second-fusion MAbs.
The M antigen was reduced with DTT at 100°C for 10 min to break disulfide bonds that were not affected by SDS treatment. In this way, the presence of disulfide-linked polypeptide chains in the antigen preparation could be detected. Treatment of the M antigen with DTT resulted in the reduction of the 150-kDa bands and their relocation into the 70-to 75-kDa region (Fig. 4) . The M antigen in which three major groups of proteins were seen is shown in lane 1. Hybridoma culture supernatants from the second fusion that produced anti-M IgG were selected by indirect EIA against both the M and PM antigens in a refinement of previous screening procedures. Supernatants that were positive in EIA (with gamma-chain specific anti-IgG) against both antigens were screened by the EITB assay. Twelve supernatants positive with both antigens in indirect EIA reacted only with the doublet of bands at 70-to 75-kDa on the M-antigen blot strips (Fig. 5) . The five hybridomas showing the strongest reaction in EITB were maintained, but MAb EC2-EC7 (EC2) was characterized in more detail. The second-fusion MAbs were tested in indirect EIA against both M and PM antigens. The MAbs reacted with both antigens in indirect EIA, but endpoint titers were not obtainable. The MAbs reacted with both antigens at relatively low A490 values that did not decrease as the ascites fluids were serially diluted. Coating plates with antigen dilutions from 1/500 to 1/4,000 did not alter these results.
The second-fusion MAbs singly or in combination did not precipitate in ID with either the M or PM antigens. They also did not inhibit the precipitation of rabbit anti-M serum with either antigen. The MAbs did not precipitate in ID with the crude aqueous filtrate exoantigen from a young culture of H. capsulatum. The MAbs were then tested in inhibition EIA, but they could not inhibit the reaction of peroxidase-labeled rabbit anti-M serum with the PM antigen by more than 20%. Rabbit anti-M serum was consistently able to inhibit the reaction by 85 to 90%.
Because the second-fusion MAbs did not form immunoprecipitates and did not inhibit the reaction of rabbit anti-M serum with M or PM antigens in ID or EIA, other methods were used to determine their specificity. The second-fusion MAbs reacted strongly with a doublet of proteins in the 70-to 75-kDa range in the EITB assay. Therefore, it was necessary to determine whether the proteins that the MAbs recognized were present in the immune precipitate formed by M antigen and rabbit anti-M serum. Immunoprecipitin arcs formed by M antigen and rabbit anti-M serum were analyzed by SDS-PAGE (Fig. 4) with DTT. The DTT dissociated the immune complex, and the rabbit immunoglobulin heavy chains can be seen as a heavy band at about 60 kDa. The dissociated light chains are at the bottom of Fig. 4 at about 25 kDa. What remains is the antigen protein that can be seen at 70 to 75 kDa. This proved that the proteins present in the M antigen and rabbit anti-M immunoprecipitate contained an antigen with a molecular size of 70 to 75 kDa, the same mass as the antigens recognized by the second-fusion MAbs.
Seven sera from human histoplasmosis cases were tested in the EITB assay against the M antigen (Fig. 6) . Five pf the seven sera consistently reacted only with the doublet of bands at 70 to 75 kDa. Two sera, reactive with the M-antigen doublet, also reacted weakly with the carbohydrate antigen, but did not obscure the specific reaction. Six human case sera, each from culture-proven blastomycosis or coccidioidomycosis patients, did not react with the proteins at 70 to 75 kDa. Isoelectrically focused M antigen was transferred to nitrocellulose and tested in the immunoblot assay with MAb EC2 as the probe (Fig. 2) . In contrast to the intense, broad, smeared zone observed with MAb CB4, some localization of activity was observed in the region 4.2 to 4.6, but there was no sharp reaction as was seen in immunoblots of SDS-PAGE gels.
Two-dimensional PAGE was used to determine whether the M-antigen protein seen in isoelectrically focused gels at pH 4.6 was the same protein observed in SDS-PAGE. The two-dimensional gel was silver stained (data not shown). The (7) noted that very few human sera contained anti-C precipitins. However, human antibodies against a C antigen that is common to major systemic mycotic pathogens interferes in complement fixation tests (11) . In The SDS-polyacrylamide-gel-electrophoresed PM antigen was also analyzed in the EITB assay demonstrating, without interference from the carbohydrate, that the protein at 150 kDa was not reactive. These data suggest that the doublet of proteins at about 75 kDa were the specific proteins responsible for the reactivity of the M antigen. There are several possibilities to account for the lack of activity of the 150-kDa protein in the EITB assay. First, this band may not have transferred electrophoretically from the SDS-polyacrylamide gel to the nitrocellulose filter. However, this possibility was ruled out. Second, the 150-kDa M protein may have been inactivated as a result of exposure to heat, urea, or SDS. Similarly, the inhibitory effect of heating the M antigen on the precipitin test in agar gel may be explained by the loss of antigenicity of the 150-kDa species. This could also explain why in isoelectric focusing more than one immunoreactive protein was detected with the EC2 probe, i.e., because that method of separation preserved the antigenic VOL. 53, 1986 on October 19, 2017 by guest http://iai.asm.org/ Downloaded from activity of the higher-molecular-weight species. Third, these proteins may represent complexes consisting of several subunits of lower-molecular-weight monomers of the Mantigen protein. Complex formation could mask reactive epitopes which were readily accessible in the monomers. This possibility is supported by the observations of Bradley et al. (3) that the H and M antigens form high-molecularweight complexes in less-purified histoplasmin preparations. Others (9, 10) have suggested that the M antigen is a complex of one to four subunits. Treatment with a reducing agent, DTT, reduced the high-molecular-weight complex to its basic subunits, i.e., the major band at 150 kDa disappeared on reduction with DTT and the doublet at 75 kDa became more prominent. EITB assay of the DTT-reduced M antigen showed that rabbit anti-M reacted with the 75-kDa bands.
Further evidence that the 75-kDa bands were responsible for the M-antigen reaction was obtained by analysis of isolated immunoprecipitin arcs formed by the M antigen and rabbit anti-M. Analysis of the DTT-reduced immune complexes by SDS-PAGE showed that the doublet of proteins at 75 kDa was present in the immunoprecipitate. This provided further proof that the 75-kDa proteins are involved in the precipitation reaction, as well as in the EITB, and are the authentic M antigen. Isoelectric focusing of the purified M antigen revealed more than 20 protein components all focusing at pH 4.0 to 5.2. Proteins in the region between pH 4.2 and 4.6 contained the major antigen(s) reactive in EITB with the protein-recognizing MAb EC2. The MAb specific for carbohydrate reacted with a wide smeared zone, as did rabbit anti-M serum. The EITB assay of isoelectrically focused PM antigen showed that rabbit anti-M reacted with a series of bands between pH 4.2 and 4.6, but no single distinct reaction was seen. Bradley et al. (3) observed that serologically active fractions of the M antigen from an anion-exchange column varied in their isoelectric pH. The lack of a sharply resolved antigenic M protein in immunoblots of isoelectrically focused gels may reflect a distribution of molecules differing in molecular weight and thus in net charge in the region of pH 4.2 to 4.6.
Combined isoelectric focusing and SDS-PAGE, in two dimensions, confirmed that the major protein in M antigen, with an isoelectric pH of 4.6, was the same protein detected by SDS-PAGE in the 150-kDa positions. These findings suggest that the 75-kDa proteins are monomeric subunits that unite to form a nonimmunoreactive dimer in which the epitopes are occluded or are rendered inactive by denaturation in urea and SDS.
